Background
==========

Colorectal cancer (CRC) is the most frequently diagnosed cancer in Europe and one of the leading causes of cancer death worldwide \[[@B1],[@B2]\]. About 20-25% of patients with CRC present with metastatic disease at time of diagnosis, and further 20-25% of patients will develop metastases after curative resection, of whom 20-30% present with liver metastases only \[[@B3],[@B4]\]. Upfront stratification of patients with metastatic CRC (mCRC) into clinical groups according to clinical presentation and treatment aim by a multidisciplinary team is of utmost importance for the prognosis of the individual patient \[[@B5]\]. Clinical groups based on current guidelines and recommendations are displayed in Table [1](#T1){ref-type="table"}\[[@B6],[@B7]\]. Recent retrospective series demonstrated profound improvements in outcome of patients with colorectal cancer over the last 20 years due to advancements in chemotherapy and dramatic increase in patients undergoing liver resection for either primarily or secondarily resectable colorectal liver metastases (CLM), resulting in an overall survival (OS) comparable to that of stage III (UICC) colon cancer \[[@B8],[@B9]\].

###### 

Clinical groups for first-line treatment stratification

  **group**   **clinical presentation**
  ----------- -------------------------------------------------------------------------------------------------------------------
  0           clearly R0-resectable liver and/or lung metastases
  1           unresectable liver and/or lung metastasis potentially resectable after downsizing, comorbidities allowing surgery
  2           multiple metastasis, rapid progression, risk of rapid deterioration, unlikely to become resectable
  3           never resectable and no symptoms or risk of deterioration

Management of R0 resectable liver metastases
--------------------------------------------

Resection of CLM is a potentially curative treatment, and reported 5-year survival rates are about 40% \[[@B10],[@B11]\]. Further follow up after resection of liver metastases from colorectal cancer demonstrated long-term survival and finally cure for every fifth patient even in the presence of poor prognostic factors \[[@B12]-[@B15]\]. However, with the majority of patients relapsing after liver resection, either intrahepatic (about 70%), extrahepatic (about 50%), or both, further research is urgently warranted \[[@B16]\].

Selection of patients for a potentially curative approach
---------------------------------------------------------

The selection of patients for hepatic surgery is a controversial issue. The most commonly used scoring system for prediction of OS described by Fong and colleagues incorporates five risk factors: node-positive primary, disease-free interval \<12 months, \>1 lesion, size \>5 cm, and CEA \>200 ng/m. Patients with 5 risk factors had a 5 year OS rate (5-yOSR) of 14% with a median of 22 months compared to a 5-yOSR of 44% and a median of 51 months in case of one risk factor \[[@B14]\]. Recently, the international liver metastases survey, including data of about 4500 patients with preoperatively treated CLM, confirmed the poor prognosis of patients with lymph node positive primary, abnormal CEA levels, and a high number of CLM, although cut off value was \>3 \[[@B15]\].

Whereas the estimation of survival is broadly accepted, criteria for resectability are far from being well and uniformly defined \[[@B17]-[@B21]\]. Generally, a post-resection remnant liver of less than 30%, unfavourable location of metastases, co-morbidities excluding major surgery, aggressive tumour biology, and/or presence of extrahepatic disease are regarded as limitations for liver surgery. However, liver resection should have the potential for complete macroscopic resection in curative intent \[[@B21]\].

Perioperative treatment for resectable CLM
------------------------------------------

The EORTC 40983 trial accrued 364 patients to be randomized to two treatment arms: surgery alone or chemotherapy with 5-FU/LV and oxaliplatin (FOLFOX4 regimen), administered 3 months pre- and postoperatively. \[[@B22]\]. Patients had to be technically resectable (assessed by CT scan) with a maximum of 4 CLM and no prior treatment with chemotherapy. Despite favourable patients' characteristics, with more than 50% bearing only a single CLM and about 80% with up to 2, respectively, and performance of surgery in "high quality" institutions, the reported 3 year progression free survival rates (3-yPFSR) were relatively poor. In the group of patients (n=171) receiving the planned chemotherapy and resection of CLM 3-yPFSR significantly increased from 33.2% (surgery alone) to 42.4% (HR 0.73, 95% CI 0.55 to 0.97). However, in the "intent to treat analyses", the difference was not statistically significant due to ineligibility of 6% of patients (HR 0.79, 95% CI 0.62 to 1.02). No unusual toxicities occurred in the chemotherapy arm, and about 80% of patients completed the preoperative part. After resection, 76% of patients received postoperative treatment with the majority (52%; n=80) completing all 6 cycles.

Results of two single arm phase II trials using capecitabine, oxaliplatin and bevacizumab as neoadjuvant treatment in about 100 patients with CLM either clearly R0 resectable or unlikely R0 resectable with poor prognosis demonstrated feasibility of this regimen with an overall response rate (ORR) of 73-78% and a conversion rate of 40% (12 of 30) in the unlikely resectable group \[[@B23],[@B24]\].

Postoperative systemic treatment
--------------------------------

Two randomized phase III trials have compared adjuvant systemic chemotherapy with 5FU/LV after resection of CLM to surgery alone, but both were closed prematurely due to slow accrual. By the time of closure, a small but statistically significant improvement in disease free survival (DFS) could be shown in the French trial, with a 5-year DFS rate of 26.7 vs. 33.5% (p=0.028), favouring the group with adjuvant treatment \[[@B25]\]. The ENG (EORTC/NCI-CTG/GIVIO) trial, still not fully published, showed a non-significant trend towards a prolongation of DFS (median 39 vs. 20 months; p=0.35) and an increase in overall survival (median 53 vs. 43 months; p = 0.39) \[[@B26]\]. The combined analysis of both trials (n=278 patients) showed a non-significant prolongation of DFS from 18.8 to 27.9 months (p = 0.058) and OS from 47.3 to 62.2 months (p=0.095) \[[@B27]\]. Both trials were using a (non-contemporary) 5-FU bolus regimen.

Intensification of postoperative treatment by 5-FU/LV plus irinotecan in a prematurely stopped, randomized phase III trial revealed no additional benefit compared to 5-FU/LV alone in terms of DFS (21.6 vs. 24.7 months, p=0.47) and OS (3-year rate of 71.6 vs. 72.7%, p=0.69) \[[@B28]\].

The Dutch HEPATICA trial, prematurely stopped after 74 randomized patients, indicated that postoperative treatment with capecitabine and oxaliplatin for 6 months and bevacizumab for 12 months might be beneficial with a trend in DFS rate at 2 years of 50 vs. 72% (p=0.074), although this trend needs to be carefully interpreted in regard of the known only transient benefit achieved with prolonged bevacizumab in stage II/III colon cancer \[[@B29]-[@B31]\].

First line treatment for mCRC
-----------------------------

Several first-line treatment options are currently available incorporating fluoropyrimidines, irinotecan, oxaliplatin, bevacizumab and EGFR antibodies (e.g. cetuximab and panitumumab) for KRAS wildtype patients \[[@B32]-[@B37]\].

Bevacizumab based first line treatment for mCRC
-----------------------------------------------

A variety of trials and registry analyses evaluated the efficacy of bevacizumab-containing first-line regimens. The addition of bevacizumab to 5FU bolus and irinotecan regimen (IFL) significantly increased ORR and prolonged OS and PFS \[[@B38]\]. The NO16966 study was initially designed to prove non-inferiority of the XELOX regimen compared with FOLFOX-4, but the addition of bevacizumab in a 2x2 factorial design was amended after the above-mentioned results. Although ORR in this trial was not different between the bevacizumab and the placebo arms, potentially curative surgery was performed in 55 (9.6%) patients on bevacizumab vs. 38 (6.6%) on placebo (p=0.061) in the per protocol population. PFS was significantly increased in the bevacizumab group, 9.4 vs. 8.0 months in the placebo group (HR 0.83, 97.5% CI 0.72 to 0.95; p=0.0023). However, OS was 21.3 months in the bevacizumab group and 19.9 months in the placebo group (HR 0.89, 97.5% CI 0.76 to 1.03; p=0.077) \[[@B34]\]. Several observational phase IIIb/IV trials (e.g., First BEAT, BriTE) confirmed the safety profile of bevacizumab in first-line mCRC patients receiving a variety of chemotherapy regimens, namely FOLFOX, XELOX, FOLFIRI, or capecitabine \[[@B39],[@B40]\].

Four drug regimens for mCRC
---------------------------

After the negative trials combining a chemo-doublet with bevacizumab and EGFR antibodies, four drug regimens focused on a chemo-triplet in combination with a targeted drug \[[@B41],[@B42]\]. Several chemo-triplet schedules with 5FU/LV or capecitabine, irinotecan and oxaliplatin were evaluated with the Italian FOLFOXIRI demonstrating the most efficacious and reliable data \[[@B37],[@B43]-[@B46]\]. The FOLFOXIRI regimen by Falcone et al. significantly increased ORR (34 vs. 60%, p\<0.0001), PFS (6.9 vs. 9.8 months, p=0.0006), and OS (16.7 vs. 22.6 months, p=0.032) compared to FOLFIRI in a phase III trial with 244 patients. Furthermore, the FOLFOXIRI regimen resulted in an increased R0 secondary resection rate (6% vs. 15%, p=0.033, among all 244 patients; and 12 vs. 36%, p=0.017 among patients with CLM only) \[[@B37]\]. Administration of second line does not seem to be relevantly impaired by first line FOLFOXIRI according to recently presented data demonstrating feasibility and efficacy of second line treatment with either oxaliplatin or irinotecan based doublet (38%), rechallenge with FOLFOXIRI (24%) or fluoropyrimidine with or without mitomycin \[[@B47]\]. Retreatment with FOLFOXIRI was associated with significantly prolonged survival.

Several single arm phase II trials with different 5FU/LV, irinotecan and oxaliplatin schedules were performed in combination with either bevacizumab or cetuximab resulting in high ORR of 75-82% \[[@B48]-[@B53]\]. However, in the absence of comparative data, toxicity profile (especially grade 3/4 diarrhoea) seems to favour bevacizumab-containing regimens (14-28%) compared to 36-93% observed with cetuximab combinations even after dose reduction of chemotherapy.

In a recently published single arm phase II trial, an ORR of 77% in all patients and 80% in the liver-only population (n=30) was achieved with the combination of FOLFOXIRI and bevacizumab. R0 resections were performed in 40% (n=12) of the liver-only population. Disease control rate was 100%. PFS and OS were 13.1 and 30.9 months, respectively. Treatment was well tolerated with the major grade 3/4 toxicity being neutropenia in 49% of patients (compared to 50% with FOLFOXIRI alone), which was well manageable with secondary G-CSF prophylaxis leading to only one case of febrile neutropenia. Further G3/4 toxicities were diarrhoea in 14%, hypertension in 11%, and asthenia as well as deep vein thrombosis in 7% of patients \[[@B52]\]. Similar results could be achieved in another 5FU/LV, irinotecan and oxaliplatin regimen (weekly alternating "Poker" schedule) with bevacizumab \[[@B49]\]. Furthermore, early safety results of a phase III trial by the Italian group comparing FOLFIRI and bevacizumab with or without oxaliplatin revealed no unexpected toxicities in the first 100 randomized patients \[[@B54]\].

Methods/design
==============

Study design
------------

Both trials are multicentre, open labelled, prospective, randomized phase II studies. The study protocols were approved by the local ethics committees, and were also subject to authorization by the competent authority (BfArM for CHARTA and PEI for PERIMAX) as mandatory by federal law. All participants have to provide written informed consent. The trials were assigned the EudraCT numbers 2010-022162-27 for CHARTA and 2010-023575-25 for PERIMAX and are registered at ClinicalTrials.gov (CHARTA: NCT01321957, PERIMAX: NCT01540435).

Study objectives and endpoints
------------------------------

The primary objective of the CHARTA study is to evaluate the efficacy of FOLFOXIRI and bevacizumab compared to FOLFOX and bevacizumab in patients with initially unresectable metastatic colorectal cancer. Secondary objectives are safety and tolerability of the treatment, efficacy in terms of secondary resectability, prognostic value of stratification into clinical groups, and validity of allocation to these groups and the exploratory question whether the addition of irinotecan might be more effective in terms of response and survival in patient groups to be determined by angiogenic marker profiles, potentially indicating different sensitivity to bevacizumab. Primary endpoint is PFS rate at 9 months; secondary endpoints include PFS, OS, ORR (according to RECIST v1.1), secondary resection rate, toxicity (according to NCI-CTCAE v4.0) and quality of life (according to EORTC QLQ-C30 and modules CR29 and CIPN20) \[[@B55]\]. PFS is defined as time from randomization to date of first observed progression or death (without reintroduction).

The primary objective of the PERIMAX study is to evaluate the efficacy of FOLFOX for 6 months postoperatively compared to FOLFOXIRI and bevacizumab for three months pre- and three months postoperatively for primarily resectable liver metastases from colorectal cancer. Secondary objectives are safety and tolerability of the treatment as well as efficacy in terms of survival. Primary endpoint is failure- free survival (FFS) rate at 18 months. Failure will be defined as macroscopically incomplete resection (R2), local or distant recurrence or death from any cause. Secondary endpoints are PFS, FFS, OS, achievability of macroscopically complete resection (R0/1), ORR (according to RECIST v1.1) after preoperative treatment (arm B), toxicity (according to NCI-CTCAE v 4.0), perioperative morbidity, quality of life (according to EORTC QLQ-C30 and module LMC21), and survival according to molecular or clinico-pathological factors.

Patient selection
-----------------

Patients with histologically confirmed diagnosis of mCRC can be included in the CHARTA-PERIMAX trials, independent of synchronous or metachronous metastases, although in case of synchronous disease in the PERIMAX trial the primary tumour needs to be asymptomatic and clearly R0 resectable. Inclusion into the PERIMAX trial is limited to patients with R0 resectable CLM as judged by the treating physician and thus excludes patients with extrahepatic disease. Measurable disease according to RECIST, adequate ECOG-PS (≤2 in CHARTA, although ECOG-PS 2, only if tumour related; ≤1 in PERIMAX), age≥18 (upper limit in the PERIMAX at 75 years of age), prior adjuvant treatment completed either at least 6 months before inclusion in the CHARTA, or at least 12 months for oxaliplatin-based treatment in the PERIMAX, are further selection criteria. Prerequisite laboratory values for both trials are absolute neutrophil counts ≥1.5 x 10^9^/L, platelets ≥100 x10^9^/L, haemoglobin ≥9 g/dl or 5.59 mmol/l, INR \<1.5 and aPTT \< 1.5 Upper Limit of Normal (ULN) for patients not receiving therapeutic anticoagulation (use of full dose anticoagulants is allowed as long as the INR or aPTT is within therapeutic limits and the patient has been on a stable dose for anticoagulants for at least two weeks at the time of registration), serum transaminases (AST & ALT) ≤ 2.5 x ULN (in case of liver metastases \< 5 x ULN), total bilirubin ≤ 1.5 x ULN, and creatinine ≤ 1.5 x ULN. Further selection criteria are based on current standard criteria (e.g. no pregnancy or breast feeding, signed and dated consent form) and the contraindications of the used agents (e.g. severe thrombosis or bleeding, major surgery within 28 days, chronic diarrhoea or significant peripheral neuropathy).

Treatment schedule
------------------

Treatment schedules for CHARTA and PERIMAX are summarized in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, respectively. Patients will randomly be assigned in a 1:1 ratio stratified for the clinical groups one to three mentioned in Table [1](#T1){ref-type="table"} in the CHARTA trial and for number of CLM ≤3 vs \>3 and Fong score \<2 vs. ≥2 in the PERIMAX trial.
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![overview PERIMAX trial.](1471-2407-12-356-2){#F2}

CHARTA trial
------------

Induction chemotherapy with a modified FOLFOX with oxaliplatin at a dose of 85 mg/m^2^ iv over two hours (day 1), LV at a dose of 200 mg/m^2^ iv over two hours (day 1) and 5-FU at a dose of 3200 mg/m^2^ iv over 48 hours (day 1--3) and bevacizumab at a dose of 5 mg/kg iv over 30 to 90 min (day 1) with or without irinotecan at a dose of 165 mg/m^2^ iv over one hour (day 1) in a biweekly schedule will be administered followed by maintenance with either 5-FU/LV and bevacizumab (same dosage and schedule as above) or capecitabine at a dose of 1600 mg/m^2^ in two doses po day 1 to 14 and bevacizumab at a dose of 7.5 mg/kg iv over 30 to 90 min (day 1) every three weeks (choice of 5-FU or capecitabine is at the discretion of the investigator). Treatment with FOLFOX and bevacizumab +/− irinotecan will be administered until progression, intolerable toxicity, and secondary resection or for a maximum of 12 cycles (6 months). After 6 months of treatment and/or no progression patients will continue with a maintenance regimen with bevacizumab and a fluoropyrimidine for up to 12 months in the absence of progression or intolerable toxicity. Maximum treatment duration is 18 months (6 months of FOLFOX and bevacizumab +/− irinotecan followed by 12 months of maintenance). In case of secondary resection (at any time point) treatment should be resumed 4--8 weeks postoperatively for a total of 6 months FOLFOX and bevacizumab +/− irinotecan (pre- and postoperative treatment), followed by maintenance treatment for total treatment duration of up to 12 months in the absence of progression or intolerable toxicity. Reintroduction of oxaliplatin +/− irinotecan or restart of treatment in case of progressive disease during maintenance or complete break after 18 months of treatment is at the investigators discretion.

PERIMAX trial
-------------

The same regimens as in the CHARTA trial will be administered, although the postoperative treatment in arm A is FOLFOX without bevacizumab. In arm A FOLFOX will be administered for 12 cycles (6 months) postoperatively starting 6 +/−2 weeks after surgery. In the perioperative arm (B) FOLFOXIRI and bevacizumab will be administered for 6 cycles (last cycle without bevacizumab) (3 months) preoperatively, followed by liver surgery within 6+/−2 weeks after last treatment FOLFOXIRI (without bevacizumab), followed by 6 cycles (3 months) 6+/−2 weeks postoperatively. Bevacizumab should be withheld for at least 5 weeks before conducting surgery.

The first cycle of FOLFOXIRI in both trials can be administered with 75% of dosage, if no diarrhoea or other significant toxicities ≥ grade 2 occurs, following cycles should be administered in full dosage. Dose reduction and escalation is at the discretion of the investigator. Preoperative dose modifications should be maintained for postoperative treatment in the PERIMAX trial. If a patient was treated with full dose preoperatively, dose reduction to 75% for the first cycle and subsequent escalation might be applied similar to preoperative treatment. Doses of drugs will be reduced in case of undue toxicity. Treatment will be delayed until adequate recovery from toxicity.

Assessments/follow up
---------------------

Tolerability will be evaluated at every visit including physical examination, vital signs, clinical laboratory profile, and adverse events, which will be graded according to NCI-CTCAE v.4.0 and correlated to the administered treatment or performed study procedure. Treatment related Serious Adverse Events (SAE) considered possibly, probably or definitely related to treatment, will be determined.

In both trials the investigator will assess tumour response according to RECIST v1.1 and CEA (optional CA 19--9). CT and/or MRI scans will be independently reviewed e.g. for resectability (both trials) and allocation to the clinical groups (CHARTA). In the CHARTA trial imaging of all sites of disease will be performed at baseline and every 4 cycles (8 weeks) thereafter for the first 6 months (induction treatment) and afterwards every 3 months (during and after maintenance) until progression.

Radiological imaging in the PERIMAX trial (CT-scan of the chest, CT or MRI-scan of the abdomen) should be done at baseline and/or preoperatively, postoperatively (prior to the start of postoperative treatment) and afterwards every three months for two years and every 6 month thereafter in both arms. In the preoperatively treated arm, an additional radiological imaging after the 3^rd^ cycle (6 weeks) should be done to avoid clinically complete response. In case of CEA elevation without progressive disease defined by RECIST, further examinations must be performed searching for local recurrence or metastatic progression of disease. Diagnosis of recurrence could either be made by radiological imaging or by positive cytology or biopsy. After progression, patients will be followed every 3 months for disease status, protracted toxicities, further treatment, and survival.

Quality of life will be assessed together with tumour assessment using the EORTC QLQ-C30, and the modules CR29 and CIPN20 in the CHARTA and the module LMC21 in the PERIMAX.

Formalin fixed and paraffin embedded (FFPE) tumour tissue obtained at baseline (if available) and serum obtained at baseline and before the 3^rd^ and the 7^th^ cycle will be evaluated for KRAS and BRAF-status (FFPE) and angiogenic markers (FFPE and serum) in the CHARTA trial. In addition to KRAS and BRAF in PERIMAX evaluation of pathohistological response rate and further analyses are planned, thus either paraffin embedded or preferably fresh frozen tissue of primary tumour and hepatic metastases should be obtained in patients consenting. Furthermore, serum obtained at baseline, during preoperative treatment, postoperatively and at follow up will be evaluated for circulating tumour DNA.

Statistical considerations and sample size estimation
-----------------------------------------------------

### CHARTA trial

First line therapy with FOLFOX and bevacizumab displays a median PFS of 9,4 months \[[@B34]\], leading to a PFS Rate at 9 months (PFSR\@9) of approximately 55%. The four-drug combination treatment should produce a PFSR\@9 of at least 71.3%. The risk of estimating the four-drug combination treatment as active although the PFSR\@9 is less than 71.3% should be 10%. The risk of rejecting the therapy although the PFSR\@9 is more than 71.3% should be 20%, which leads to a power of 80%. The planned number of patients to answer this question in a two-sided (continuity corrected) Chi-square test will be 120 and with a dropout rate of 4% the number to be included will be 125 patients per arm. Analysis will be performed by logistic regression to account for the stratification.

### PERIMAX trial

Perioperative chemotherapy with 5-FU/LV with or without oxaliplatin in a prognostic favourable group of patients with up to 4 CLM led to a FFS rate at 18 months (FFSR\@18) of 50-65% \[[@B22],[@B25]\]. However, in the trial by Portier et al. solely patients after R0 resection were included, whereas in the EORTC study 51% and 27% of patients had one or two CLM, respectively. In this trial, patients with unlimited number of CLM, fulfilling the local judgement for resectability will be included. Therefore, FFSR\@18 is expected to be 40% with current treatment strategies (postoperative FOLFOX). The investigational treatment (perioperative FOLFOXIRI and bevacizumab) should produce a FFSR\@18 of at least 60%, to be regarded as promising for further evaluation and of major clinical relevance. The trial should achieve 80% power to detect differences between the treatments and keeping the type I error level below 10% in a one-sided (continuity corrected) Chi-square test. The planned number of patients to answer this question with a drop out rate of about 14% will be 65 patients per arm. The trial uses a randomized parallel arm phase II design.

Quality assurance/safety
------------------------

Patient data are collected in a case report form at the data centre of the clinical research organisation (Koordinierungszentrum für Klinische Studien Halle). Consistency checks will be performed on newly entered forms and queries issued in case of inconsistencies. On-site monitoring will be performed adapted according to the site accrual. Data safety monitoring boards will review the data from both trials on a regular basis.

Discussion
==========

The CHARTA and PERIMAX trials are designed to evaluate the benefits and limitations of a highly active four-drug regimen in different treatment situations of metastatic CRC with nearly 200 patients randomized to an experimental treatment with FOLFOXIRI and bevacizumab vs. what is considered a standard approach.

Perioperative treatment in resectable CLM, especially its sequence (peri- vs. postoperative treatment) and intensity, is still a matter of debate. The PERIMAX trial design represents the agreement on a multidisciplinary trial by surgical and medical oncologists in Germany and reflects the ongoing discussion about timing of perioperative chemotherapy. In regard of the high recurrence rate after resection with curative intent and the results of four drug combinations including bevacizumab in mCRC, further intensification of the perioperative treatment to improve patients' prognosis by increasing the rate of long-term survivors seems to be a feasible option. Despite the lack of data for FOLFOX for purely postoperative treatment after resection of CLM, this regimen was chosen in regard of the beneficial trend for 5FU/LV in this setting and the data obtained in stage III disease with oxaliplatin \[[@B27],[@B56],[@B57]\]. Furthermore, this treatment approach is widely used for patients receiving upfront resection of CLM, and is considered a 'current standard' for this patient group. However, the PERIMAX trial has several variables (sequence and intensity) and is therefore of an exploratory nature focusing on the efficacy and feasibility of perioperative FOLFOXIRI and bevacizumab in this setting. The randomized design was chosen to collect data albeit limited by the low number of patients on the comparative efficacy in terms of survival in order to reduce the bias that is associated with a comparison to historical controls, which are only available for 5FU/LV in this setting \[[@B58]\]. Number of CLM with a cut-off value of 3 was added to the widely accepted stratification according to the Fong score. Although already part of the Fong score, this cut off value has recently demonstrated high prognostic value \[[@B15]\]. The composite endpoint FFS was chosen to adapt to the specific situation in this trial with half of the patients being disease-free within the first months after randomization, compared to the other half receiving 3 months of preoperative treatment. In order to ensure comparability with available data, e.g. EORTC 40983 (PFS), and to gain information about tolerability and QoL with the four-drug regimen secondary endpoints include these parameters. Perioperative treatment was limited to 6 months, as no conclusive data about prolonged treatment is currently available \[[@B30]\]. The trial also offers the unique opportunity of collecting tissue from liver metastases and primary tumours either untreated or treated. Therefore, fresh frozen and paraffin embedded tissue will be collected and stored for further analyses.

The CHARTA trial will evaluate the efficacy of a maximal intensive first line regimen compared to a standard first line regimen in patients with unresectable metastatic CRC. The intensification of first line treatment is believed to increase the rate of patients amenable for a secondary curative approach and even if surgery might not be an option this treatment approach could result in improved long-term disease control. Especially for clinical group 2 and 3, if amenable for intensive first line treatment, disease control after induction chemotherapy could result in long intervals of either low toxic maintenance therapy or complete treatment discontinuation and might thus be a reasonable long-term approach. Furthermore, the magnitude and point in time of tumour response has demonstrated significant impact on prognosis, underlining the need for an intensive first line regimen inducing early tumour shrinkage \[[@B59]\]. Eligible patients will be stratified according to clinical groups in order to balance the arms especially for potentially secondary resectable patients. PFS-rate at 9 months was chosen as primary endpoint to gain information about the comparative efficacy in terms of a survival endpoint, taking into account the inclusion of all metastatic and not only potentially resectable patients. Treatment duration is limited to a maximum of 6 months FOLFOX and bevacizumab +/− irinotecan, followed by up to 12 months of maintenance with fluoropyrimidine and bevacizumab. According to current clinical standard oxaliplatin should be discontinued at least after 6 months of treatment due to significant cumulative side effects, particularly peripheral neuropathy. None of the available trials with FOLFOXIRI with or without bevacizumab continued treatment beyond 12 cycles (6 months), as tolerability will be significantly impaired and achievement of secondary resectability with prolonged treatment beyond 6 months seems unlikely \[[@B37],[@B52]\]. In the CELIM trial for example median time to resection or exploration was 5.1 months, with a median number of 8 treatment cycles until intervention \[[@B60]\]. Current data support the use of maintenance treatment after first line chemotherapy, though the choice of regimen is not yet clear \[[@B61]-[@B64]\]. However, results of ongoing trials (e.g. AIO 0207 and CAIRO3) might help clarifying this question and potentially the choice of maintenance regimen as well (biological +/− fluoropyrimidine. In regard of the higher intensity of the four-drug combination not only in terms of response but as well in terms of toxicity QoL evaluation is performed during the trial.

With overall 380 previously untreated metastatic CRC patients classified for resectability, stratified for clinical grouping and randomized, the CHARTA and PERIMAX trials will give further information about the benefit and tolerability of FOLFOXIRI and bevacizumab in these distinct disease settings.
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